and sends it back to a second receiver. This is a two-way Doppier arrangement. The second receiver may or may not oe at the same location as the transmitter; at any rate, the geometry is left to be completely general.
The formula derived here can be used to calculate the range rate of a satellite, in which case the transmitter is a ground-stationed antenna, the receiver the orbiting satellite, and the second receiver a tracking antenna.
The high degree of precision of the formula obtained in this report may be necessary for the correct tracking of satellites orbiting at large altitudes, in particular at synchronous altitudes.
The one-way Doppier shift is derived first; the derivation is subsequently extended to the two-way arrangement.
IIIIBllll III--IB ..?
The following relation also holds 
This equation represents the radial motion of photons. The quantity-h is a constant along any path; however, the value of h is different for different paths. For radial propagation it is clear that h =0, since d<(>/dt = 0.
B. ONE-WAY DOPPLER SHIFT CONFIGURATION
A transmitting station T is fixed on the moving earth. The space-time coordinates describing the transmission of an electromagnetic wave are given by the pair of events (r t> */2, <t > t > t t ) and(r t> TT/2, <| > t + A+ , t + At ). The change in the 4> coordinate A<)> is due to the rotation of the earth, and At is the time elapsed during the emission of the wave. The coordinates of the reception of this wave on the satellite S define two events (r , TT/2, <(> , t ) and (r + Ar , The frequency shift Af will be shown to be related to the range rate of the satellite.
D. PROPER TIMES
In the geometry we are considering, the proper time ds is defined by j 2 .. Using this form for the definition of the proper time, we can write for the definition of the proper times As and As
'We are keeping d6/dt = 0 in this discussion. which is the relation between At and At we sought.
F. ONE-WAY DOPPLER SHIFT FORMULA
We can now gather Eqs. 
The limit of this equation when we set r = r and v = v is examined in the the Appendix.
We can obtain a better understanding of the contribution of each term on the righthand side of Eq. (55) by looking at the relationships between the quantities r*, ? , v , and v . We begin by noting that for a point on the earth, moving with angular velocity CJ, v = w X ?
and ?(t + At) * ?(t) + vAt = r(t) + w X ?(t)At .
Therefore we can write The standard formula derived for a two-way doppler shift, which is valid for near-earth geometries and does not include gsneral relativity effects, is (tj ■ ***# 
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